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CHAPTER I 

INTRODUCTION 

Insect galls are abnormal vegetative growths which result from 

the feeding activity of a wide variety of insects on plant parts. The 

principal gall insects belong to the Thysanoptera, Hemiptera, Homoptera, 

Coleoptera, Hymenoptera, Lepidoptera, and Diptera (Mani, 1964; Felt, 

1965). The dipteran gall insects include Cecidomyiidae, Agromyzidae, 

Tephritidae, and Anthomyiidae (Mani, 1964). 

The family Tephritidae, commonly known as fruit flies, is a 

family of approximately 4,000 species which is intimately associated 

with plants. Within this family there are three ecological groups: 

those that oviposit in the flower heads of a large number of plants, 

principally composites; those that usually live in and often seriously 

damage all kinds of fleshy fruits and vegetables; and the ones that 

mine in and form galls on the leaves, stems, and roots of plants. The 

most comprehensive biological study done on any species within this 

last group was by Uhler (1951), who ascertained the biology and 

ecology of the goldenrod gall fly, Eurosta solidaginis (Fitch). 

Sagebrush, Artemisia spp. (Compositae) is a dominant range 

plant in much of the western United States. Like other composites. 
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it is particularly prone to attack by gall insects. Wasbauer (1972) 

lists six species of tephritids as forming galls on Artemisia: 

Eutreta diana Osten Sacken, Metatephritis fenestrata Foote, Aciurina 

trixa Curran, Oxyna pal pal is (Coquillett), Aciurina semilucida Bates, 

and Orellia undosa (Coquillett). However, as Wasbauer himself points 

out, this is a preliminary effort and omissions can be expected. 

Eutreta diana is the most prevalent tephritid gall former on 

sagebrush (Wasbauer, 1972). Unlike other tephritids, galling 

Artemisia, £. diana has a broad host plant range which includes five 

species and two varieties of Artemisia. Stoltzfus (1977) lists Â . 

tridentata subsp. tridentata Nutt., Â . arbuscula Nutt., Â . cana subsp. 

cana Pursh, Â . cana subsp. viscidula (Osterhout), Â . nova Nelson, 

Â . tripartita Rydb. and Â . tridentata subsp. vaseyana (Rydb.). These 

species all belong to the tridentate section of Artemisia. 

Artemisia filifolia Torr. (sand sagebrush) is a new host 

plant record for E_. diana. It is a woody shrub, 30 to 150 em tall 

with freely branching stems. Artemisia filifolia's range extends 

from Wyoming and Nebraska south to Mexico, west to Arizona and Nevada 

and east to Oklahoma and Texas. In Texas, Â . filifolia occurs abun

dantly in areas of dunes or other deep loose sand in the higher parts 

of the Rolling Plains, High Plains, and Trans-Pecos regions (Correll & 

Johnston, 1970). Klingman (1962) estimates the total acreage inhabited 

by A. filifolia at 96 million acres. 
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Although Â . filifolia shows no close relationship to the tri

dentate section of the genus, it resembles Â . tridentata in form and 

ecology (Hall & Clements, 1923). Both are shrubby subclimax dominants 

of sandy soils. 

The geographic range of £. diana is reported to extend from 

the western United States, east to Missouri (Foote & Blanc, 1963). 

However, Stoltzfus (1977) did not find any £. diana in the material 

he examined from east of Colorado. During this study, £. diana and/or 

its galls were observed by myself and Dr. David Foster throughout the 

Panhandle and Trans-Pecos regions of Texas, westward into eastern New 

Mexico, adding to the previously known range (fig. 1). Population 

samples from other areas of New Mexico were not taken, but I assume 

this is a continuous distribution. 

Eutreta diana has been studied under the current name or 

under the names Trypeta diana Osten Sacken or Eutreta jonesi Curran. 

Most papers have dealt with the taxonomy of the species. Although 

there have been numerous reports of £. diana forming galls on Artemisia 

(Osten Sacken, 1877; Doane, 1899; Cole & Lovett, 1921; Phillips, 1923), 

only limited biological information is available. Fronk et al. (1964) 

and Furniss and Barr (1975) report rearing several hymenoptern para

sites from £. diana galls. Stoltzfus (1977) summarizes the biological 

information known about the species in California, the northern states. 



Fig. 1. Distribution of Eutreta diana in the Continental United States 



and Canada. No worker has presented a comprehensive biological 
# 

study of this species. 

The objectives of this study were to ascertain the biology of 

L' diana on Â . filifolia, determine the impact of £. diana on the host 

plant, prepare accurate descriptions of all life stages, establish the 

interrelationships of other insects associated with E. diana's gall on 

A- filifolia, and to incorporate new information with that already 

published. 



CHAPTER II 

METHODS AND MATERIALS 

The primary study area was in the southwest portion of Crosby 

County, Texas, where sand sagebrush is a dominant range plant. Most 

observations and plant survey work were done on the Bar X Ranch 

located 4.6 miles east of Crosbyton, Texas. Additional collections 

were made at the Spur Headquarters Ranch, 20.9 miles northeast of 

Crosbyton in Dickens County, Texas. Both ranches are located in the 

Rolling Plains region of Texas where average rainfall is twenty-two 

inches per year with the highest rainfall occurring in May and 

September (Correll & Johnston, 1970). 

The topography of the Bar X Ranch is moderately rough with 

sandy breaks and canyons due to its close proximity to the Caprock 

Escarpment. The White River flows in an east to southeasterly direc

tion through the southwest corner of the property. The topography of 

the Spur Headquarters Ranch, located farther east of the Caprock 

Escarpment, is more moderate with gently rolling hills and fewer 

rough sandy breaks and canyons. The soils on both ranches vary from 

coarse sands along outwash terraces adjacent to streams, to tight 

clays and shales. 



Both areas are moderately grazed by cattle. Common vegeta

tion types in the area include: buffalograss, Buchloe dactyloides 

(Nutt.); three-awns, Aristida spp.; blue grama, Bouteloua gracilis 

(H.B.K.); tobosa. Hi!aria mutica (Buck!.); sand dropseed, Sporobolus 

cryptandrus (Torr.); hooded windmill grass, Chloris cucullata Bisch.; 

sandburs Cenehrus spp.; sand shinnery oak, Quercus Harvardii Rydb.; 

and mesquite, Prosopis glandulosa Torr. 

Field research began in July 1976 and continued through 

November 1977. Most field work was conducted in the spring and summer 

months when Â . filifolia was in its active growth stages. Galls were 

routinely collected during these months and taken back to "the labora

tory to monitor life histories of the inhabitants, gall development, 

and effect on the host plant. 

Galls were collected randomly from Â . filifolia ewery two 

weeks. As a rule, approximately forty galls were collected, twenty 

being used for dissections, and twenty kept for rearing purposes. 

Galls used for rearing were placed in zip lock plastic bags and kept 

in the laboratory at room temperature. Immature and adult insects 

obtained from rearings and gall dissections were preserved in Pampel's 

solution. Rearings and/or dissections provided £. diana larvae, 

pupae, and adults plus a variety of insects associated with the galls. 

Eutreta diana eggs were collected from the axillary buds of 

the host plant. After observing a female oviposit, the stem or stems 
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of the host plant were returned to the laboratory. The axillary buds 

were then carefully dissected under a stereoscopic microscope, and the 

eggs were then removed from the buds and preserved in Pampel's 

solution. 

Adult behavioral observations were made in the fall when adults 

were present. A host plant that sheltered one to several flies was 

located and the behavior of the flies observed and recorded. 

The number of larval instars was determined by measurement of 

the cephalopharyngeal skeleton coupled with relative body sizes. 

First and second instar skeletons were studied by using whole speci

mens in temporary glycerine mounts while the skeletons of third 

instar larvae were removed from the body and then studied in temporary 

glycerine mounts. 

Measurements of larval structures were made with a stereo

scope and calibrated occular micrometer. Both the occular grid 

coordinate method and a camera lucida were used in preparing the draw

ings. Final drawings were made on No. 2 Ross Stipple Board. A 

Nikkormat 35 mm single lens reflex camera with a 50 mm macro lens 

was used to photograph adults, galls, and the host plant. 

In an effort to find out more about the host plant and fre

quency of the gall on the host plant, both galled and ungalled plants 

were surveyed. Records were made of plant height and number of galls. 

Galls were then ranked in four categories based on the relative state 



of deterioration of the gall. A Paired-T-test was performed to iden

tify any significant differences between the weight of galled and 

uninfested stems from the same branch. 

Immature parasitic Hymenoptera were identified through 

association, rearing, and subsequent adult identification. 



CHAPTER III 

LIFE STAGES OF EUTRETA DIANA 

Diagnosis 

Eutreta diana females range in length from 5.0 to 6.5 mm. 

Males are smaller than females, ranging from 4.0 to 4.5 mm in length. 

Adults are characterized by their bright red abdomens, yellow antennae, 

and dark brown wings, with numerous hyaline spots with a broad brown 

border. Females have a shining black ovipositor. In the males the 

last two abdominal segments are black. 

There are three larval instars (fig. 2). Larvae are elongate 

and subcylindrical with a cream-colored integument. The main differ

ence between instars is body size and length of the cephalopharyngeal 

skeleton. 

The cephalopharyngeal skeleton of first instar larvae ranges 

in size from 0.5 to 0.10 mm and is shaped differently than that of 

second and third instars (fig. 6). Body length of first instars 

averages 0.90 mm. Only the posterior spiracles are visible of first 

Instar larvae. 

The shape of the cephalopharyngeal skeleton of second instar 

larvae is similar to that of the third instar (fig. 7). The 

10 
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cephalopharyngeal skeleton of second instar ranges from 0.20 to 0.35 

mm. Body length averages 2.93 mm. One pair of posterior and 

anterior spiracles is present on second instar larvae. 

The cephalopharyngeal skeleton of third instar larvae ranges 

from 0.40 to 0.65 mm in length. Third instar larvae are twice as 

large as second instars, averaging 5.25 mm in length. Both posterior 

and anterior spiracles are visible, and they are darker in color than 

those of second instar larvae. 

Descriptions 

Adult Female 

Head black, frons and gena pale yellow; bristles brown, hair 

whitish yellow; antennae yellow; arista yellow at base, brownish at 

apex. Thorax shining black; mesonotum with many short whitish bristles 

and a few long brown bristles. Wings dark brown with numerous hyaline 

spots; wide brown border. Legs brownish black, shining tip of tibia 

and tarsi yellow. Abdomen bright red, ovipositor shining black; 

bristles brownish black. Length 5.0-6.5 mm. 

Adult Male 

Similar to female except last two abdominal segments black. 

Length 4.0-4.5 mm. 

12 
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Translucent, cream-colored, elliptical, 0.52 mm in length. 

Chorion sculptured with a net-like reticulation. Micropylar end with 

a nipple-like protuberance (fig. 3). 

First Instar Larva 

Body elongate, subcylindrical, 0.81-1.01 mm (average 0.90) in 

length. Integument cream-colored, semi-transparent, smooth except for 

rows of microscopic papillae along body segments. Posterior spiracles 

formed but indistinct. Anterior spiracles not visible. Cephalo

pharyngeal skeleton 0.06-0.10 mm (average 0.08 mm) in length, dark 

brown to black; mouth hooks bidentate (fig. 6). 

Second Instar Larva 

Body shape and texture similar to first instar, 2.05-3.50 mm 

(average 2.93 mm) in length. Integument cream-colored. Anterior 

spiracles amber in color with four ovoid slits; interspiracular dis

tance 0.68 mm. Posterior spiracles with three elliptical slits; 

interspiracular distance 0.15 mm. Cephalopharyngeal skeleton 0.20-

0.35 mm (average 0.24 mm) in length, dark brown to black; mouth hooks 

bidentate. 

Third Instar Larva 

Body elongate, subcylindrical, anterior end somewhat pointed, 

4.0-6.7 mm (average 5.25 mm in mature larva) in length. Integument 
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similar color and texture as previous instars. Anterior spiracles 

similar to second instar except darker amber in color; interspiracu

lar distance 0.28 mm. Cephalopharyngeal skeleton dark brown to 

black, 0.40-0.65 mm (average 0.47 mm) in length; mouth hooks biden

tate (fig. 7). 

Puparium 

Elongate, oval, pale yellow to dark brown, darkening with age, 

4.5-6.5 mm (average 5.55 mm) in length. Cephalopharyngeal skeleton 

visible, displaced against the puparium. Anterior and posterior 

spiracles darkened and distinct dorsally (fig. 5). 



0.52 mm 

15 

Fig. 3. Eutreta diana egg 

4.0-6.7 mm 

Fig. 4. Eutreta diana third instar larva 

h 
6. J I'lm 

Fig. 5. Eutreta diana puparium 
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0.05-0.10 mm 

Fig. 6. Eutreta diana 
cephalopharyngeal skeleton of 
first instar larva 

0.40-0.65 mm 

Fig. 7. Eutreta diana cephalo-
pharyngeal skeleton of third instar 
larva 



CHAPTER IV 

BIOLOGY 

In Texas, Ê . diana is a univoltine species forming galls on 

sand sagebrush, Â . filifolia, the only known host plant within the 

state. 

Eutreta diana overwinters as an egg. The egg hatches in late 

March and early April with three larval instars between March and mid-

August. Pupation takes place in the fall and adults emerge from late 

September to early October (fig. 8). 

Adult 

Before pupation occurs, Ê . diana larva feeds in the distal por

tion of the gall cavity, leaving only a thin layer of epidermal tissue 

for the emerging adult to break. As the fly emerges from the gall, 

the front legs are pulled free. They are then used for additional 

leverage in helping the adult escape the gall. 

Only one fly was observed emerging from the gall under labora

tory conditions. The process lasted thirty-seven minutes, from 6:30 

to 7:07 A.M. Emergence of adults in the laboratory took place over 

a twenty-four-day period. No adults were observed emerging in the 

field where observations were generally made between the hours of 

17 
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10:00 A.M. and 6:00 P.M. It is assumed that field emergence also 

occurs during the early morning. 

Eutreta diana adults, as well as immatures, live in close 

association with their host plant. Adults are diurnal, and their 

behavior is regulated by temperature and weather conditions. Not 

being active fliers, adults commonly remain on an individual plant 

where they rest, walk, or fly short distances. During periods of 

cool temperatures and strong winds, these activities are suppressed 

with the adult flies resting in a head down position in the lower por

tions of the plant, sunning themselves and giving wing displays. As 

air temperature rises, activity increases. Adults begin walking 

about on stems and leaves and flying short distances on the host 

plant, or to adjacent plants. The adults are most active between the 

hours of 1:00 and 6:00 P.M. 

As the sun begins to set and the air temperature falls, activ

ity decreases. Adults position themselves in the lower portion of 

the host plant in a head down position and groom themselves while 

resting. 

Eutreta diana adults are quick to respond to the activity of 

others. When an intruder is detected, the fly immediately turns and 

faces the source of the disturbance, giving an elaborate wing display. 

If the intruder is not another E. diana adult and the disturbance is 
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violent enough, the fly will then move to another portion of the host 

plant, or an adjacent host plant. 

Male £. diana adults establish positions on the upper portions 

of the host plant. When another male IE. diana adult approaches, the 

flies face each other and display their wings. Both flies then fly to 

another portion of the host plant. If the approaching fly is a female, 

courtship behavior is initiated by the male. 

Several papers have been written on courtship and mating 

behavior in the Tephritidae (Haseler, 1965; Prokopy & Bush, 1973; 

Stoltzfus & Foote, 1965; Tauber & Tauber, 1967; Tauber & Toschi, 

1965a,b; Wangberg, 1976). It is a complicated process involving a 

variety of cues and sequences utilizing stylized wing movements and 

body orientation (Wangberg, 1976). Stoltzfus and Foote (1965) men

tion the importance of sound production, various wing movements, 

stylized body maneuvers and distinctive wing patterns in the courtship 

of fruit flies. 

The courtship and mating behavior of Ê . diana is similar to 

that described for other species of fruit flies. The male positions 

himself in the upper portion of the host plant. When an £. diana 

female is detected, the male quickly turns to face her and wing dis

plays are given by both flies. The male then actively persues the 

fema1e. 
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The female may walk a short distance on the host plant with 

the male following. The female then turns and faces the male. Both 

flies give wing displays involving rotation of one or both wings and 

simultaneous wing twitches. 

Initial body contact and penetration were not observed, 

although mating pairs were observed in copula. In the copulatory 

position, the male rests on the dorsum of the female. The head and 

mouthparts of the male rest over the front portion of the female's 

abdomen with the male retracting and extending the label la. The tarsi 

of the fore and middle legs are in contact with the female's abdomen, 

while the hind legs rest on the plant surface. The male occasionally 

strokes the female with the hind tarsi and frequently twitches his 

wings. .Tauber and Tauber (1967) suggest that such wing movements in 

Aciurina ferruginea (Doane) (Diptera: Tephritidae) by the male may 

play a role in pair maintenance. Wangberg (1976) has noticed the 

same behavior in other gall-forming Tephritidae. The female also 

retracts and extends her mouthparts during copulation. 

While in copula, the flies rest on the stems of the upper por

tions of the host plant, facing downward. Mating pairs observed walked 

about and flew in tandem to other portions of the same host plant. 

One pair was observed in copula for approximately three hours. The 

other pairs separated shortly after observations began. 



22 

Eutreta diana females oviposit in October and November. The 

female walks up and down the stem and flies from stem to stem in search 

of suitable oviposition sites. While she is searching the substrate, 

the mouthparts are extended and retracted in a rhythmic fashion, as 

if she is tasting the plant surface. While walking on the stem, 

occasional wing movements are made, including alternate wing movements 

or twitching. 

Females oviposit in the axillary buds of the host plant. Once 

a suitable site is located, the female stops and examines the bud with 

her label la and ovipositor. The female does not always oviposit after 

touching the bud with either mouthparts or ovipositor. Tauber and 

Tauber (1967) suggest that this similar behavior in Â . ferruginea 

indicates the female exercises discrimination and restraint based on 

some difference between oviposition sites. If the site is acceptable, 

the female faces head down on the stem, arches her abdomen, and 

inserts the ovipositor into the distal portion of the axillary bud. 

Once the egg is deposited and the ovipositor is withdrawn, the female 

proceeds to groom herself, cleaning both the ovipositor and wings. 

She then proceeds either up or down the same stem, or to another stem 

in her search for other oviposition sites. 

One female was observed ovipositing twenty times. The time 

for each oviposition varied. The shortest time for one oviposition 

was thirty seconds, and the longest time was two minutes and fifty 
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seconds. The female deposits only one egg per bud. Dissection of 

buds visited by ovipositing female revealed that eggs are placed 

lengthwise between the overlapping bud tissues. Bud dissections, 

plus the observance of several mature galls on one stem, confirms 

that £. diana females may deposit eggs in several axillary buds of 

the same stem. As many as seventeen galls of the same age class have 

been observed on the same stem. 

Oviposition probably does not take place immediately follow

ing mating. A pair in copula was observed until the pair separated. 

The female was then watched closely the rest of the day, and no ovi

position occurred. 

The duration of the occurrence of adults in the field was not 

directly ascertained. However, field emergence is completed by the 

first part of October, and flies are present in the field until the 

first prolonged period of freezing temperatures. In 1976, this date 

was November 20th. From this information, it can be inferred that 

E_, diana is present in the field for six weeks or longer. 

The approximate duration of the egg stage can be inferred by 

noting the time period between the first female oviposition and the 

initial growth of the galls. Initial ovipositional activity took 

place the third week in October and continued until prolonged freez

ing in the last part of November 1976, and initial gall development 
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occurred the first week in April. On this basis, Ê . diana is estimated 

to have an incubation period of approximately 155 days. 

Larva 

The first instar larvae appear in late March, at which time 

gall growth is initiated. The first stadium is relatively short, with 

an average development period of approximately thirty-two days. By 

late May, all larvae have reached second instar (fig. 9). Third 

instar larvae first appear about the middle of June. By the middle 

of July all larvae are third instar. Duration of second and third 

instars averages approximately sixty-three and sixty-four days, 

respectively. 

Early larval feeding of Ê . diana occurs in the stem. At this 

time, the young stem is still developing. The stem tissues are green 

and succulent. Gall development seems to be a response to nearby 

feeding activity. 

The first instar larva feeds in the young stem. While feed

ing on the xylem of the stem, the larva creates a longitudinal tunnel 

by scraping tissue off the stem walls with rhythmic contractions of 

the mouth hooks. Peristaltic body contractions allow the larva to 

move up and down the tunnel. 

The early second instar larva also feeds in the stem, as well 

as in the developing gall. As the stem begins to mature and harden. 
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the second instar larva confines its feeding activity to the gall 

chamber where the tissues are still soft and succulent. The third 

instar larva feeds within the gall chamber. The entrance to the 

tunnel becomes blocked with frass and dead plant material. 

The larva feeds on the tissue within the gall chamber in a 

uniform manner. Larval feeding maintains the oval chamber at a size 

slightly larger than the larva within. 

As the time for pupation nears, the mature larva feeds in the 

distal portion of the gall, leaving only a thin epidermal covering at 

the apex of the gall. Pupation then takes place with the anterior end 

of the pupa facing the thin epidermal covering. 

Pupa 

Mature ^. diana larvae begin pupating in late summer. Pupae 

are present in galls from the third week of August to the first part 

of October. The duration of the pupal stage is approximately thirty 

days. 

The adult fly emerges from the puparium by longitudinally 

splitting the anterior end of the puparium into two parts. As the 

fly exits, the two halves bend back. The empty puparium remains in 

the gall cavity. 



CHAPTER V 

THE GALL AND ITS EFFECT ON THE HOST PLANT 

The mature gall is a monothalmous, ovoid structure ranging 

from 39 to 131 mm (average 82 mm) in diameter (fig. 10). The circum

ference of the galls varies from 17 to 25 mm (average 21 mm). The 

galls are located at the apical meristem of the lateral branches of 

the current year's growth. They are uniform in shape, covered by a 

proliferation of thread-like leaves and are green in color. The size 

of the gall cavity ranges from 6.5 to 9 mm (average 7.0 mm) in length. 

There are two distinct tissue layers visible in the gall. The outer 

layer, which is covered by a proliferation of thread-like leaves, is 

firm but relatively soft and thin when compared to the inner layer 

immediately surrounding the cavity. This layer is quite thickened 

and hard at maturity. 

As plant growth is initiated in the spring, the newly hatched 

larva leaves the axillary bud and bores into the stem just below the 

meristematic tissue and begins feeding. Gall development then begins. 

In April, galls first appear as slight ovoid swellings. As the season 

progresses, the gall acquires its characteristic shape. By August, 

all galls have attained full size. 

27 
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Fig. 10. Eutreta diana current year's gall on 
Artemisia filifolia 
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The galls remain attached to the stem after emergence of all 

gall inhabitants. By observing empty galls in the field in various 

stages of decay, it is apparent that they remain on the stem for two 

or more years. 

Galls were indexed and categorized according to relative 

state of deterioration: Category 1, current year's galls; Category 2, 

last season's galls, galls are brown and still have some leafy cover

ing on the outside of the gall; Category 3, galls that are two years 

old, galls are bare but are not broken; Category 4, galls that are 

bare and broken, these galls being at least two years old or older. 

The resulting data based on 100 infested plants showed an increase in 

the average number of galls per category, with Category 4 having the 

lowest number and Category 1 having the highest number: Category 4 = 

5, Category 3 = 7 , Category 2 = 9 , Category 1 = 21. One way to explain 

this increase could be in relationship to the behavior of the fly. 

From observations I have made, the fly appears to be relatively 

sedentary. 

Eutreta diana adults observed in the field are not active 

fliers. When disturbed, they usually fly to another position on the 

same host plant. It is possible that many adults emerge from galls, 

mate, and oviposit on the plant from which they emerge. Several 

females have been observed ovipositing on the same plant for a period 

of up to four days. This produces a larger number of galls the next 
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year, provided eggs hatch and the incidence of predation, parasitism, 

and disease is not high. 

Plants galled range from 53 to 130 cm in height. Table 1 

summarizes this information and gives preference ratings for each 

plant category galled. The formula used to compute the ratings is: 

Number of plants in the category infested 
Preference Rating = 

Number of plants in the given category 

No significant differences were found between these preference ratings 

using a X test at the 5 percent level of significance. 

Adult females seem to exhibit a preference for a plant in 

respect to plant height. This corresponds to field observations of 

ovipositing females. Those plants on which adult females were 

observed ovipositing fit into the 53 to 130 cm category. Although no 

females were observed ovipositing on the extremely short or tall 

plants, it is possible that they do oviposit on these plants and the 

eggs do not hatch. However, I feel that the likelihood of this actu

ally happening is not as great as for that of adult females exhibiting 

a preference for plants of a certain height. 

Gall growth occurs simultaneously with normal plant growth. 

Eutreta diana_ larvae apparently stimulate gall growth by feeding. If 

the larvae are killed before they reach third instar, the gall will 
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TABLE 1 

OVIPOSITIONAL FREQUENCY OF EUTRETA DIANA WITH RESPECT TO 
PLANT HEIGHT FOR PLANTS OVER 26 CM HIGH 

Plant Hei 
in cm 

1-26 

27-52 

53-78 

79-104 

105-130 

131-156 

157-182. 

Total 

ght 

Pla nts 

No. 
w-

of Plants 
ith Galls 

0 

0 

14 

28 

12 

0 

0 

54 

No 
Wi 

. of 
thout 

0 

2 

28 

73 

30 

11 

2 

146 

Plants 
Galls 

Meai 1 Preference 
Rating 

0 

0 

.33 

.28 

.29 

0 

0 
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be stunted and harden prematurely. Galls attain full size approxi

mately two weeks before £. diana begins pupating (fig. 11). 

The number of galls found on an infested plant may vary from 

1 to 350. The frequency of plants infested on the Bar X Ranch was 

approximately 27 percent. 

The direct effect £. diana galls have on the host plant is 

the eventual cessation of stem elongation. Normal stem growth is dis

rupted due to modification of the apical meristem. Both uninfested 

and infested stems increase in length until mid-July. However, unin

fested stems increase at a much greater rate than galled stems, and 

the average length of uninfested stems is twice as long as infested 

stems. Not only is normal growth of the affected stem disrupted, the 

production of stems and leaves in the subsequent year is reduced. 

Observations have shown that there are no axillary buds produced on 

the galled stems. 

The overall effect of the galls on the plant was to stunt and 

kill from one to several branches. In the case of severe infesta

tions, it appears that the entire plant may be killed. 
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CHAPTER VI 

ASSOCIATED ARTHROPODS 

Nine species of insects and one arachnid were found associ

ated with the galls of £. diana. Four species are directly associated 

with £. diana larvae or pupae within the gall. The others are either 

facultative or accidental visitors. A proposed food web for arthro

pods associated with the gall is shown in figure 13. The relationship 

of each species to the gall is as follows. 

Phytophagous Species 

•Lepidoptera: Undetermined species. One larva of an undeter

mined species of Lepidoptera was found feeding in the stem of the 

gall, approximately 1 cm below the central cavity. Its presence in 

this instance is probably coincidental. 

Parasitoids 

Tetrastichus sp. (Hymenoptera: Eulophidae). Many adult 

male and female Tetrastichus sp. were reared from Ê . diana galls. It 

is an endoparasitoid of £. diana larva. Puparia were found that con

tained up to twenty-seven Tetrastichus larvae. This parasitoid does 

not interfere with the development of £. diana until after pupation; 

35 



36 

Tetrastichus sp, 

Crematogaster sp. 

Undetermined 
Phloeothripidae 

Fig. 13. Food web in Eutreta diana gall on Artemisia filifolia 
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thus, gall growth progresses normally. Tetrastichus adults emerge in 

September and October. This parasitoid was the most commonly reared 

hymenopteran. 

This species of Tetrastichus has an unusual method of locating 

and parasitizing ^. diana larvae. The female apparently chews a hole 

in the gall, enters and oviposits directly in the host. Wangberg 

(1977) reported the only other record of such behavior with Tetrasti

chus cecidophagus Wangberg that is an endoparasitoid of five 

tephritid gall-formers on Chrysothamnus spp. 

Eurytoma sp #1 (Hymenoptera: Eurytomidae). Eurytoma sp. #1 

is an ectoparasitoid of £. diana larva. This species was observed 

feeding on second and early third instar larvae. As a result of this 

attack,-the £. diana larva dies, turns black, and shrivels up. After 

the £. diana larva is eaten, the Eurytoma larva beings feeding on 

plant tissue within the gall cavity. Pupation occurs within the gall 

cavity and emergence takes place in late summer and early fall. 

Because the £. diana larva is killed, gall growth stops, and the 

gall hardens prematurely. 

Eurytoma sp. #1 was the most common parasitoid observed in 

dissected galls. Approximately 21 percent of all galls dissected 

between May 11 and July 25, 1977, contained Eurytoma sp. #1. 
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Uncertain Relationships 

Eupelmus sp. #1 and Eupelmus sp. #2 (Hymenoptera: Eupelmidae) 

Both Eupelmus species were reared in early fall from galls containing 

i. diana pupae. The nature of its presence is not known. 

Gastrancistrus sp. (Hymenoptera: Pteromalidae). The rela

tionship of this species is uncertain. Only one adult female was 

reared in September 1976. 

Undetermined genus near Comperiella sp. (Hymenoptera: 

Encyrtidae). One adult female of this unidentified genus was reared 

from Ê . diana galls in September 1976. The nature of its presence is 

not known. 

Predators 

Crematogaster sp. (Hymenoptera: Formicidae). This species 

is quite frequently found on the foliage of Â . filifolia. Two of 

these ants were found in empty Ê . diana galls. Wangberg (1976) 

suggests that in the case of Â . bigeloviae galls the ants are pre-

daceous on the gall inhabitants. Members of the subgenus Cremato

gaster are generally regarded to be gall inhabitants (Wangberg, 1976). 

Undetermined species (Thysanoptera: Phloeothripidae). In 

two instances this large black thrips was found in the central cavity 

of the gall. Gall dissections revealed the thrips apparently feeding 

on the remains of parasitic hymenopterans and crawling over the 
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surface of a puparium that contained a dead £. diana pupa. Such 

thrips are probably general predators on a variety of gall inhabi

tants, including £. diana. 

Scavengers 

Undetermined species (Arachnida: Criptostigmata). During 

gall dissections, this species of mite was frequently observed feed

ing on the remains of Ê . diana larvae and pupae, or the remains of 

parasitic hymenopteran adults. Most mites of this suborder are 

scavengers and detritus feeders (Dr. John George, pers. comm.). A 

similar relationship is suspected for this species. 



CHAPTER VII 

DISCUSSION AND SUMMARY 

Studies v/ere made of the biology and ecology of £. diana over 

a two-year period in the vicinity of Crosbyton, Crosby County, Texas. 

Biological and ecological information gathered from field and labora

tory observations has not previously been published, although the fly 

has been known since it was described by Osten Sacken in 1877. 

In Texas, IE. diana is a univoltine species forming galls on 

sand sagebrush, Â . filifolia. In the western and northwestern United 

States, £. diana forms galls on five species and two varieties of 

Artemisia within the Tridentatae section of the genus. None of these 

previously recorded host plants occurs in Texas, Although Â . fili

folia shows no close relationship to the tridentate section, it 

resembles Â . tridentata in form and ecology. 

Like other gall-forming insects, both the adults and the 

larvae are closely associated with the host plants. The adults are 

diurnal and, like other members of the family, their activities are 

suppressed by low temperatures, strong winds, and other weather 

conditions. 

40 
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The mating behavior of Ê . diana is similar to the behavior of 

other species within the family Tephritidae. Courtship displays 

include a wide variety of wing and body movements, with the male 

actively pursuing the female. In Texas, adult flies emerge and mate 

in the fall of the year, with oviposition taking place in October and 

November. Emergence and mating in the western and northwestern states 

takes place in late spring with oviposition occurring in late May and 

June. The female first examines the bud with her label la and then the 

ovipositor. If the site is acceptable, the female will place a single 

egg between the folds of the tissue in the axillary bud. In examining 

the bud with her labella and ovipositor, the female appears to exer

cise some form of discrimination, as not all buds examined are 

selected for oviposition. 

Eutreta diana overwinters as an egg in Texas. The overwinter

ing stage in other parts of the United States is as a mature larva or 

pupa. These differences can possibly be accounted for by differences 

in length of growing seasons. In Texas, spring comes early, with the 

first hard frost occurring sometime in November. The growing season 

in the west and northwestern United States is considerably shorter, 

making it advantageous for £. diana to emerge, mate, and oviposit in 

the spring, utilizing the host plants wery early in the growing 

season. 
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Eclosion in Texas takes place in late March and early April 

only after plant growth has been initiated. The life cycle of the 

larva is completely dependent on the host plant, which in turn is 

dependent on temperature, moisture, and other climatic factors. In 

cases of extreme weather patterns, the development of £. diana could 

be greatly affected. 

The first instar larva bores into the stem just below the 

meristematic tissue in the apex of the stem. The larva bores a 

longitudinal tunnel while feeding in the stem. Gall growth is initi

ated in the meristematic tissue due to nearby feeding activity of the 

larva. The early second instar larva feeds in the stem and develop

ing gall. As the stem matures, the larva confines its feeding activity 

to the gall cavity only. Third instar larva feed exclusively within 

the central gall cavity. Prior to pupation, the larva feeds in the 

distal portion of the gall, leaving only a thin layer of epidermal 

tissue covering the apex of the gall. Pupation then takes place 

within the gall cavity with the empty puparium remaining in the gall 

cavity. 

Eutreta diana's gall is a monothalmous, ovoid structure, 

ranging in size from 39 to 131 mm in diameter. The galls are located 

at the apex of lateral branches of the current year's growth. They 

are uniform in shape and covered by a proliferation of thread-like 

leaves. 
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The direct effect of E_. diana's galls on the host plant is 

stunting of affected stems on the current year's growth and the 

reduction of stems and leaves during subsequent years. Those plants 

that are heavily galled appear to be considerably weakened the next 

year. Heavy gall infestations on the same plant over a period of 

years seem to kill those branches that have been heavily infested. 

In rare cases when the total plant is galled and no new growth is 

produced the next year, the whole plant appears to die as a result of 

the infestation. 

Nine species of insects and one arachnid were found associ

ated with £. diana's gall on A_. filifolia. As with other galls, this 

is a highly complex community which begins with the gall itself and 

continues with each successive member of the community. The two 

hymenopterans parasites of £. diana, Eurytoma sp. and Tetrastichus 

sp. are common gall parasites and have been reared from a variety of 

other Diptera galls. Other parasites reared from E_. diana galls 

include Dacnusa sp. (Hymenoptera: Braconidae), Torymus sp. 

(Hymenoptera: Torymidae), Halticoptera Stella Girault (Hymenoptera: 

Pteromalidae), Spilochalcis leptis Burks (Hymenoptera: Chalcididae), 

and Habrocytus sp. (Hymenoptera: Pteromalidae). 
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